
FLEXIBLE THIN FILM CAPACITOR 
AND METHOD FOR PRODUCING THE SAME 

BACKGROUND OF THE INVENTION 
1 Field of the Invention 

The present invention relates to a flexible thin film capacitor using a 
high dielectric thin film, in particular, a flexible thin film capacitor used in 
flexible and compact portable electronic equipment such as an IC card as a 
flexible chip capacitor. 



2. Description of the Prior Art 

In recent years, compact and thin electronic equipment is in demand, 
and a circuit substrate used in the electronic equipment on which electrons 
components such as ICs and capacitors are mounted is required to be thin. 
5 Especially in a non-contact IC card, the thickness thereof is as thin as 1mm or 
less so that the thickness of the electronic component included therein is 
required to be several hundreds nm or less. For this reason, in order to 
obtain a capacitor having a large capacitance, a thin ceramic capacitor divided 

into several portions is proposed. 
0 When a ceramic capacitor is used in the non-contact IC card, the 

capacitor cannot be as thin as the IC. In addition, in the case where the 
ceramic capacitor is mounted on a substrate, it becomes thicker by the contact 
layer Furthermore, the mechanical strength becomes poorer as the ceramic 
capacitor becomes thinner, and therefore, when the ceramic capacrtor » bent, 
25 it may be broken. 

SUMMARY OF THE INVENTION 

Therefore, with the foregoing in mind, it is an object of the present 
invention to provide a high-quality and highly reliable flexible thin film 
30 capacitor that results in a thin mounted substrate on which the components 
are mounted, and is flexible so that it hardly is broken when being bent. 
Furthermore, it is another object of the present invention to provide a method 
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for producing a flexible thin film capacitor having such excellent 
characteristics. 

In order to achieve the objects, one embodiment of the present 
invention includes a substrate formed of at least one selected from the group 
consists of an organic polymer and a metal fid. and an inorgamc high 
dielectric film and metal electrode films formed on the substrate. The 
inorganic high dielectric film is interposed between the metal electrode fitas. 
The inorganic high dielectric film and at least one of the metal electrode films 
are formed in contact with an adhesive film on the substrate, thereby being 
integrated with the substrate by the adhesive film. It is preferable that the 
adhesive film is a metal oxide adhesive film. 

Furthermore, one embodiment of a method for producing a flexible 
thin film capacitor of the present invention includes forming a first metal 
electrode film, an inorganic high dielectric film and a second metal electrode 
film in this order on a substrate formed of at fcast one selected from the group 
consisting of an organic polymer and a metal foil, using respective masks. 
The first metal electrode film and the inorganic high dielectric film are formed 
in contact with an adhesive film on the substrate, thereby being integrated 
with the substrate by the adhesive film. 

The present invention allows the metal electrode films to adhere to 
the substrate firmly. In addition, for example, when a metal adhesive Mm is 
provided on a surface of an organic polymer, it is possible to form a high 
dielectric film having a high dielectric constant of t , > 10 without peeling from 
the substrate even at a low substrate temperature of about 300°C. Thus the 
25 present invention can provide a high-quality and highly reliable flexible thin 
film capacitor in which no peeling nor damage occurs when it is bent. 

These and other advantages of the present invention will become 
apparent to those skilled in the art upon reading and understanding the 
following detailed description with reference to the accompanying figures. 

30 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a cross-sectional view of an embodiment of a flexible thin film 



capacitor of the present invention. 

Fig. 2 is a cross-sectional view of another embodiment of a flexible thin 

film capacitor of the present invention. 

Fig. 3 is a cross-sectional view of yet another embodiment of a flexible 
5 thin film capacitor of the present invention. 

Fig. 4 is a cross-sectional view of still another embodiment of a flexible 
thin film capacitor of the present invention. 

Fig. 5 is a cross-sectional view of another embodiment of a flexible thin 
film capacitor of the present invention in combination with a base and a 
10 peeling film that are used for producing the capacitor. 

Fig. 6 is a cross-sectional view of yet another embodiment of a flexible 
thin film capacitor of the present invention. 

Fig. 7 is a cross-sectional view of still another embodiment of a flexible 
thin film capacitor of the present invention. 

Fig. 8 is a cross-sectional view of another embodiment of a flexible thin 
film capacitor of the present invention. 

Fig. 9 is a graph showing the relationship between the dielectric 
constant and the temperature of the substrate during production of an 
example of a flexible thin film capacitor of the present invention. 

Fig. 10 is a graph showing the relationship between the deposition 
rate and the film-formation conditions of an example of an inorganic high 
dielectric film of a flexible thin film capacitor of the present invention. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In a preferred embodiment of a flexible thin film capacitor of the 
present invention, an inorganic high dielectric film and at least one metal 
electrode film are formed in contact with an adhesive film on at least one 
surface of an organic polymer substrate or a metal foil substrate so as to be 
integrated with the substrate by the adhesive film. In this case, it is 
30 preferable that the adhesive film is a metal oxide adhesive film. 

Furthermore, a metal adhesive film may be formed between the metal oxide 
adhesive film and the metal electrode films. It is preferable to form the 
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metal adhesive film in a region except for a portion between the metal oxide 
adhesive film and the inorganic high dielectric film, namely, within a region 
where the metal oxide adhesive film and the metal electrode films are in 

contact with each other . 

It is preferable that the adhesive film contains at least one metal 
selected from the group consisting of Cr, NiCr, Ti, Co, Ge, Cu, Sn, Mo and W, 
because these metals have excellent adhesion and are advantageous for 
producing a high-quality and highly reliable flexible thin film capacitor. 
More specifically, it is preferable that the adhesive film is a metal adhesive 
film comprising at least one metal of these metals or a metal oxide adhesive 
film comprising at least one oxide of these metals. 

Furthermore, it is preferable that the substrate has a first main 
surface and a second main surface, the inorganic high dielectric film and the 
metal electrode films are formed on the first main surface of the substrate, 
and at least one of the metal electrode films is connected to a metal electrode 
film on the second main surface of the substrate via a through hole provided 
on the substrate or via an end face of the substrate. This embodiment 
facilitates mounting onto the substrate. For example, an IC chip such as an 
IC card easily can be mounted on the lower surface and connected to the 

20 flexible thin film capacitor. 

Furthermore, it is preferable that the flexible thin film capacitor 
further includes a protective film formed on the inorganic high dielectric film 
and the metal electrode films. This embodiment can provide a flexible thin 
film capacitor having more excellent mechanical strength. Preferably, the 
25 protective film is formed of at least one material selected from the group 
consisting of Si0 2 , Si 3 N 4 , Ta 2 0 5 , A1 2 0 3 , a thermosetting resin, and an 
ultraviolet-curable resin. 

Furthermore, the flexible thin film of the present invention can have 
an entire thickness of not more than 300nm. Thus, the flexible thin film 
30 capacitor of the present invention can achieve the targeted thickness for an IC 
card of 0.76mm. 

Furthermore, it is preferable that when the substrate is an organic 
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polymer substrate, the organic polymer substrate is formed of at least one 
material selected from the group consisting of polyimide, polyamide, 
polyimide-amide, polyester and polysulfone. It is preferable that when the 
substrate is a metal foil substrate, the metal foil substrate is formed of 
5 stainless steel. These preferred embodiments make it possible to form an 
inorganic high dielectric thin film at a temperature of about 300°C by using a 
high heat-resistant substrate. 

Furthermore, it is preferable that the metal electrode film is formed of 
at least one material selected from the group consisting of Pt, Ag, Au, Cu, Ni, 
10 Al, Pd, Ru and Ir. More preferable materials include at least one material 
selected from the group consisting of Pt, Ag, Au, Ni, Al, Pd, Ru and Ir. This 
embodiment allows the electrode to have excellent adhesion with the 
inorganic high dielectric film and high electrical conductivity. 

It is preferable that the inorganic high dielectric film is formed of at 
15 least one material selected from the group consisting of SrTi0 3 , BaTi0 3 , 
PbT10 3 , CaTi0 3 , and solid solutions thereof. This embodiment allows the 
\j, high dielectric thin film to have a high dielectric constant of e r > 10 at a 

substrate temperature of 300°C. 
y Next, one embodiment of a method for producing a flexible thin film 

§ 20 capacitor of the present invention includes forming a first metal electrode film, 
an inorganic high dielectric film and a second metal electrode film on at least 
one surface of a substrate in contact with an adhesive film on the surface of 
the substrate, thereby being integrated with the substrate by the adhesive 
film. Furthermore, a metal oxide adhesive film is formed as the adhesive 
25 film, and an additional metal adhesive film can be formed in a region where 
the first metal electrode film is to be formed on the metal oxide adhesive film. 
In the present invention, the metal oxide adhesive film and the metal 
adhesive film may be deposited in this manner. When the second metal 
electrode film is in contact with the adhesive film, the additional metal 
30 adhesive film can be formed in a region where the first and second metal 
electrode films are to be formed on the metal oxide adhesive film. 

It is preferable that the metal electrode film is formed by at least one 
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method selected from the group consisting of DC magnetron sputtering, RF 
magnetron sputtering, ECR magnetron sputtering, a CVD (chemical vapor 
deposition) method and a vacuum evaporation method. 

It is preferable that the inorganic high dielectric film is formed by at 
5 least one method selected from the group consisting of RF magnetron 

sputtering, ECR magnetron sputtering, a CVD method and a sol-gel process. 

It is preferable that the inorganic high dielectric film is formed at a 
temperature up to 300°C. This embodiment allows a high quality inorganic 
dielectric thin film with reduced distortion to be formed on the substrate. It 
10 is preferable that the inorganic high dielectric film is formed at a deposition 
rate of not less than lOnm / min. This embodiment allows a high quality 
inorganic high dielectric thin film to be produced at low cost. 

It is preferable that the metal oxide adhesive film is formed by at least 
one method selected from the group consisting of RF magnetron sputtering, 
15 ECR magnetron sputtering, a vacuum evaporation method, a CVD method 

and a sol-gel process. 

Furthermore, the metal oxide adhesive film may be formed by treating 
a metal film with a solution. In this case, it is preferable that the metal film 
is formed by at least one method selected from the group consisting of DC 
20 magnetron sputtering, RF magnetron sputtering, ECR magnetron sputtering, 
a CVD method and a vacuum evaporation method. It is preferable that the 
solution used for an erosion treatment is at least one selected from the group 
consisting of concentrated nitric acid, phosphoric acid, chloric acid and 
perchloric acid. 

25 It is preferable that the metal adhesive film is formed by at least one 

method selected from the group consisting of DC magnetron sputtering, RF 
magnetron sputtering, ECR magnetron sputtering, a vacuum evaporation 

method and a CVD method. 

One preferred method for producing a flexible thin film capacitor of 
30 the present invention further includes forming a peeling film on a base formed 
of at least one selected from the group consisting of an inorganic material and 
a metal material, applying an organic polymer material onto the peeling film, 
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and curing the organic polymer material by a heat treatment or light 
irradiation so as to form the substrate formed of an organic polymer on the 
peeling film. This embodiment can provide flexible thin film capacitors with 
varied organic polymers as the substrates. 

5 In this case, the organic polymer material can be at least one liquid 

substance selected from the group consisting of liquid substances of 
thermosetting or photocurable polyimide, polyamide, polyimide-amide, 
polyester, epoxy resin, polyurethane, epoxy acrylate and polyacrylic ester. 
This embodiment makes it possible to form an organic polymer substrate 

10 having a high heat resistance, so that the inorganic high dielectric film can be 

formed at about 300°C. 

It is preferable that the peeling film is formed of at least one material 
selected from the group consisting of Si0 2 , Si 3 N 4 and coating glass. It is 
preferable that the peeling film is formed by at least one method selected from 
15 the group consisting of a vacuum evaporation method, sputtering, a CVD 
method and a sol-gel process. 

In order to peel the organic polymer substrate from the base, a liquid 
or gas peeling solvent is used. As a liquid peeling solvent, it is preferable to 
use at least one solution selected from the group consisting of hydrofluoric 
acid, sodium hydrofiuorate, and concentrated phosphoric acid. As a gas 
peeling solvent, a gas containing at least one gas selected from the group 
consisting of CF 4 and CHF 3 is preferable. Furthermore, a mixed gas 
containing CF 4 and H 2 is preferable. 

Furthermore, it is preferable that the method of the present invention 
25 further includes forming a protective film on the first metal electrode film, the 
inorganic high dielectric film and the second electrode film. It is preferable 
to form the protective film by at least one method selected from the group 
consisting of a vacuum evaporation method, sputtering, a CVD method, a sol- 
gel process, screen printing and coating with a dispenser. 
30 In the above-described flexible thin film capacitor, since a thin organic 

polymer substrate or metal foil substrate is used as the substrate, the 
substrate itself is flexible. In addition, the adhesive film is provided on the 
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surface of this substrate to improve the adhesion between the metal electrodes 
and the inorganic high dielectric thin film and the substrate. Therefore, the 
present invention can provide a high-quality and reliable flexible thin-film 
capacitor that has a high dielectric constant of, for example, £ r > 10, and 
5 hardly is broken when it is bent. The capacitance of the flexible thin film 
capacitor can range from a low capacitance to a high capacitance. 

The flexible thin film capacitor of the present invention can be used, 
for example as a chip capacitor for smoothing, tuning, or decoupling or the like 
in flexible and compact portable electronic equipment such as a non-contact 
10 ICcard. 

Hereinafter, the present invention will be described in detail with 
reference to the accompanying drawings. 
flmViriiment 1 

As shown in Fig. 1, in a flexible thin film capacitor of this embodiment, 
15 a metal oxide adhesive layer 2 is formed on a surface of an organic polymer 
substrate 1. Metal electrode films 3, 3 and an inorganic high dielectric thin 
film 4 are deposited on a surface of the metal oxide adhesive film 2. The 
metal electrode films 3, 3 are formed so as to sandwich the inorganic high 
dielectric film 4. 

The metal electrode films 3, 3 and the inorganic high dielectric film 4 
are at least partially in contact with the metal oxide adhesive film 2 and 
adhere to the organic polymer substrate 1 via the metal oxide adhesive film 2. 
The metal electrode films 3, 3 serve as an upper electrode and a lower 
electrode, respectively, on both sides of the inorganic high dielectric film 4, so 
25 that a thin film capacitor is formed. Although not shown in Fig. 1, the metal 
electrode film that serves as the upper electrode is extended further on the 
surface of the metal oxide adhesive film 2 and serves as the lower electrode of 
a capacitor adjacent to this capacitor. In this manner, the flexible thin film 
capacitor of the present invention can be constituted by a plurality of thin film 
30 capacitors that are connected in series on the substrate. 

For the substrate and the films, the aforementioned illustrative 
materials can be used. The organic polymer substrate 1 typically is a 
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polyimide film. The adhesive film 2 typically is formed of TiO, The metal 
electrode film 3 typically is formed of Pt The inorganic high dielectric film 4 
typically is formed of SrTi0 3 . In the flexible thin film capacitor produced 
using these materials, no damage nor peeling occurred when it was bent, and 
5 the capacitor had good capacitor properties. On the other hand, for 

comparison, a flexible thin film capacitor without the adhesive film 2 was 
produced using the same materials as above. In this flexible thin film 
capacitor, peeling occurred between the substrate and the high dielectric thin 
film. 

10 Fimb^imftnt 2 

As shown in Fig. 2, in the flexible thin film capacitor of this 
embodiment, a metal foil substrate 5 is used instead of the organic polymer 
substrate 1 of the flexible thin film capacitor of Fig. 1. 

As the metal foil substrate 5, a stainless steel (SUS304) was used. A 
TiO, film was formed as the metal oxide adhesive film 2 on the substrate 5 by 
a sol-gel process. A first Pt electrode film as the metal electrode film 3, an 
SrTi0 3 film as the inorganic high dielectric film 4, and a second Pt electrode 
film as the metal electrode film 3 were formed on the Ti0 2 film in this order by 
RF magnetron sputtering. The Pt electrode films and the SrTi0 3 film were 
formed using respective predetermined masks. In this flexible thin film 
capacitor, no damage nor peeling occurred when it was bent, and this 
capacitor had good capacitor properties. 

Embodiment 3 . 

As shown in Fig. 3, in this embodiment, an additional metal adhesive 

25 film 6 is formed between the metal electrode films 3, 3 and the metal oxide 
adhesive film 2. 

A TiO, film was formed as the metal oxide adhesive film 2 on the 
substrate 1 composed of polyimide by a sol-gel process. Pt electrode films as 
the metal electrode films 3, 3 and an SrTiO, film as the inorganic high 
30 dielectric film 4 were formed on a surface of the metal oxide adhesive film 2 in 
the same manner as in Embodiment 2. In this embodiment, before forming 
these films a Ti film was formed as the metal adhesive film 6 only in a region 
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where the metal electrode films 3, 3 were to be formed.. The Ti film was 
formed also by RF magnetron sputtering using a mask. In this flexible thin 
film capacitor, no damage nor peeling occurred when it was bent, and this 
capacitor had good capacitor properties. 
5 Fmhoriiment 4 

As shown in Fig. 4, in this embodiment, the metal electrode films 3, 3 
and the inorganic high dielectric film 4 were formed on both surfaces of the 
substrate 1. 

Ti0 2 films as the adhesive films were formed on the substrate 1 
10 composed of polyimide by a sol-gel process. Then, the metal electrode films 3, 
3 and the inorganic high dielectric film 4 were deposited on each of the 
surfaces of the substrate 1 by RF magnetron sputtering in the same manner 
as above. In this flexible thin film capacitor, no damage nor peeling occurred 
when it was bent, and this capacitor had good capacitor properties. 
15 F.mhodiment 5 

As shown in Fig. 5, in this embodiment, an organic polymer 1 was 
formed on a surface of an inorganic base 7 on which a peeling film 8 has been 

formed beforehand. 

The base 7 and the peeling film 8 can be formed of the aforementioned 
20 illustrative materials. In this embodiment, an A1 2 0 3 sheet was used as the 
inorganic base 7, and a coating glass was used as the peeling film 8. More 
specifically, liquid polyimide was applied onto the A1 2 0 3 substrate coated with 
the coating glass. Then, heating and drying are performed to form an 
organic polymer substrate 1 composed of polyimide. Then, the metal 
25 electrode films 3, 3 and the inorganic high dielectric film 4 were deposited in 
the same manner as above. 

Then, via holes were provided in the lower surface of the A1 2 0 3 sheet 
and hydrofluoric acid (hydrogen fluoride solution) was poured from the lower 
surface of the substrate so that the flexible thin film capacitor was removed 
30 from the A1 2 0 3 sheet. In this flexible thin film capacitor, no damage nor 
peeling occurred when it was bent, and this capacitor had good capacitor 
properties. 
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Embodiment 6 

As shown in Fig. 6, in this embodiment, metal electrodes 9 were 
formed on the lower surface of the substrate 1, and through holes were formed 
in the substrate in the cross-sectional direction. The through holes were 
5 rilled with an electrically conductive paste 11. Furthermore, through-hole 
plating 10 was provided in the through holes. This electrically conductive 
paste 11 connects the metal electrode films 3 and 9 on both surfaces of the 
substrate 1. The through holes were formed in the substrate 1 so that one 
through hole corresponds to each of the metal electrode films 3, 3 for 
10 connection. 

In this embodiment, an Al film was used as the metal electrode film 9, 
and Ag paste was used as the electrically conductive paste 11. In this flexible 
^ thin film capacitor, no damage or peeling occurred when it was bent, and this 

capacitor had good capacitor properties. For comparison, a flexible thin film 
15 capacitor without the adhesive film 2 was produced using the same materials 
as above. In this flexible thin film capacitor, peeling occurred between the 
substrate and the high dielectric thin film. More specifically, the flexible thin 
film capacitor provided with the adhesive film retained substantially the same 
properties as that shown in Fig. 1, even if the flexible thin film capacitor was 

20 bent 30 times. 

Furthermore, as shown in Fig. 7, the metal electrode films on both 
surfaces of the substrate may be connected via the end faces of the substrate. 
F.mhodiment 7 

As shown in Fig. 8, a protective film 12 is formed in this embodiment. 
25 The protective film 12 is formed so as to cover the metal electrode films 3, 3 
and the inorganic high dielectric film 4. It is preferable to form the protective 
film of a material that is impermeable to humidity and is thermally stable. 
More specifically, the aforementioned materials are preferable. A preferable 
resin is at least one selected from the group consisting of an epoxy resin, 
30 polyurethane, polyimide, epoxy acrylate and polyacrylic ester. 

In this embodiment, an Si0 2 film was used as the protective film to 
produce a flexible thin film capacitor. In this flexible thin film capacitor, no 
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peeling occurred even if it was bent several tens of times, 
temples 

Hereinafter, the present invention will be described in detail by way of 
5 examples, 
temple 1 

In this example, a flexible thin film capacitor having the same 
structure as that in Fig. 1 was produced. 

A metal oxide adhesive film was formed of Ti0 2 on a polyimide 
10 substrate lOOum thick by a sol-gel process using the hydrolysis reaction of 
TKOCWv The thickness of the adhesive film was about lOnm. 

This substrate was fired in a drying chamber at 200°C for about one 
hour Then, a lower electrode was formed of Pt by RF magnetron sputtering. 
Pt was sputtered in a high vacuum chamber at about 10 6 Torr (about 10^ Pa), 
in an Ar atmosphere, at a RF power of 200W, at a film-forming pressure of 
SmTorr (about 1 Pa), and at a substrate temperature of 25°C. The thickness 
of Pt was about lOOnm, and the evaporation rate was about lOnm/min. The 
Pt electrode having a size of 5 x 5mm was formed using a metal mask. After 
the Pt electrode was formed, an SrTi0 3 film was formed. The sputtering for 
20 the SrTi0 3 film was performed in a high vacuum chamber at about 10" 4 Pa, in 
a mixed atmosphere of Ar / 0 2 = 2 / 1, at a RF power of 800W, at a film-forming 
pressure of 0.8 Pa, and at a substrate temperature of 300»C. The thickness 
of the SrTi0 3 film was about 300nm, and the film-deposition rate was about 
30nm/min. The surface area of the SrT10 3 film on the Pt electrode was 4 x 
25 5mm After the SrT10 3 film was formed, another Pt electrode was formed 

under the same conditions as those for the first layer of Pt. The surface area 
of the SrTi0 3 film sandwiched by the Pt electrodes was 3 x 5mm. 

Thus, a flexible thin film capacitor was produced. This flexible thin 
film capacitor was not broken when it was bent, and no peeling occurred 
30 between the deposited films. Furthermore, the characteristics were e r * 50^ 
at a measurement frequency of 1kHz, a capacitance C of 23nF, a loss tan 6 = 
0.5%, and IR » 10" Q at an applied voltage of 5V. 
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On the other hand, when a flexible thin film capacitor was formed 
directly on a polyimide substrate that was not provided with the Ti0 2 
adhesive film under the same conditions, the Pt electrodes and the SrTi0 3 
thin film peeled from the polyimide substrate, so that the capacitor properties 

5 were not obtained. 

Furthermore, when the adhesive film was formed under the same 
conditions as above, and 64 devices were produced in the form of 8 x 8 on a 
polyimide substrate of 10 x 10cm, no peeling occurred on the entire surface of 
the substrate, and the devices had substantially equal capacitor properties. 
10 Thus, when the flexible thin film capacitor of the present invention is 

used, no damage was caused even if it was bent, or no peeling occurred 
between the deposited films on the organic polymer substrate. In addition , 
it is possible to produce a flexible thin film having a dielectric constant of £ r 
> 10. Thus, the present invention can provide a high-quality and highly 

15 reliable flexible thin film capacitor. 
Example 2 

In this example, a flexible thin film capacitor having the same 
structure as in Fig. 2 was produced in the same manner as in Example 1 
except that SUS304 lOO^m thick was used as the substrate. 
20 When a flexible thin film capacitor was produced as described above, 

this flexible thin film capacitor was not broken when it was bent, and no 
peeling occurred between the deposited films. Furthermore, the 
characteristics were e r = 50 at a measurement frequency of 1kHz, a 
capacitance C of 23nF, a loss tan 5 = 0.5%, and IR - 10" Q at an applied 

25 voltage of 5V. 

On the other hand, when a flexible thin film capacitor was formed 
directly on an SUS304 substrate that was not provided with the Ti0 2 adhesive 
film under the same conditions, the SrTi0 3 thin film peeled from the SUS304 
substrate, so that the capacitor properties were not obtained. 

30 Furthermore, when the adhesive film was formed under the same 

conditions, and 64 devices were produced in the form of 8 x 8 on an SUS304 
substrate of 10 x 10cm, no peeling occurred on the entire surface of the 



substrate, and the devices had substantially equal capacitor properties. 
Evample 3 

In this example, a flexible thin film capacitor having the same 
structure as that in Fig. 3 was produced. 

A metal oxide adhesive film was formed of Ti0 2 on a polyimide 
substrate lOOum thick by a sol-gel process using the hydrolysis reaction of 
Ti(OC 2 H5) 4 . The thickness of Ti0 2 was about lOnm. 

This substrate was fired in a drying chamber at 200°C for about one 
hour. Then, a Ti metal adhesive film was formed by RF magnetron 
sputtering. Ti was sputtered in a high vacuum chamber in the 10 4 Pa range, 
in an Ar atmosphere, at a RF power of 200W, at a film-forming pressure of 0.8 
Pa, and at a substrate temperature of 25°C. The thickness of Ti was about 
lOnm, and the evaporation rate was about lOnm/min. 

The Ti metal adhesive film was formed so as to have a size of 5 x 5mm 
using a metal mask. Then, a lower electrode was formed of Pt by RF 
magnetron sputtering. Pt was sputtered under the same conditions as those 
in Example 1. The Pt electrode film was formed on the Ti film so as to have 
the same size using a metal mask. After the Pt electrode was formed, an 
SrTi0 3 film was formed. The sputtering for the SrTi0 3 film was performed 
under the same conditions as those in Example 1. After the SrTi0 3 film was 
formed, another Pt electrode was formed under the same conditions as those 
in Example 1. 

Thus, a flexible thin film capacitor was produced. This flexible thin 
film capacitor was not broken when it was bent, and no peeling occurred 
between the deposited films. Furthermore, the characteristics were £ r * 50 
at a measurement frequency of 1kHz, a capacitance C of 23nF, a loss tan 6 = 
0.5%, and IR = 10" Q at an applied voltage of 5V. 

A high temperature loading test at 125 °C and a voltage applied of 
12.5V and a high humidity loading test at RH 95% and a voltage applied of 
12.5V were performed in order to compare the flexible thin film capacitor 
produced in the Example 1 that was not provided with the Ti adhesive film. 
For the flexible thin film capacitor produced in the Example 1, various 
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properties were degraded after about 1000 hours passed. On the other hand, 

the flexible thin film capacitor produced in this example, the properties were 

not degraded but stable after about 1000 hours passed. 

Furthermore, when the adhesive film was formed under the same 

conditions, and 64 devices were produced in the form of 8 x 8 on a polyimide 
substrate of 10 x 10cm, no peeling occurred on the entire surface of the 
substrate, and the devices had substantially equal capacitor properties. 
Example 4 

In this example, similar flexible thin film capacitors having a 
thickness of lOOjim were produced using polyamide, polyimide- amide, 
aromatic polyester or polysulfone, instead of the polyimide substrate used in 
Example 1. These flexible capacitors were produced under the same 
conditions as those in Example 1 except that the substrate temperature was 
250°C. 

Table 1 shows the dielectric constant of each flexible thin film 
capacitor. 

Iahle_l 

Dependence of Dielectric constant on Substrate material 
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Substrate 



polyimide 



polyamide 



polyimide-amide 



polyester 



Dielectric constant 



50 



40 



40 



polysulfone 



40 



35 



All of the flexible thin film capacitors had a high dielectric constant of 
£ r > 30, and no damage nor peeling occurred when they were bent. 
Example 5 

In this example, flexible thin film capacitors were produced using Ag, 
Au, Cu, Ni, Al, Pd, Ru or Ir, instead of the Pt electrode used in Example 1. 
The production conditions were the same as those in Example 1. 

Table 2 shows the dielectric constant of each flexible thin film 
capacitor. 
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Table 2 



Dependence of Dielectric constant on Electrode material 



Electrode 



Dielect ric constant 
50 



Pt 



Au 



Cu 



Ni 



Al 



45 



40 

30 



35 



Pd 



Ru 



Ir 



40 
45 



45 



35 



£ > 



All of the flexible thin film capacitors had a high dielectric constant of 
30, and no peeling nor damage occurred when they were bent. 
However, an oxidation-resistant and thermally stable material is 
preferable for the electrode, because the electrode material is to be subjected 
to an oxygen atmosphere at a substrate temperature of about 300 °C dunng 
formation of the SrTi0 3 thin film. From this viewpoint, Pt, Ag, Pd or Ru is 
10 most preferable. Furthermore, Ni or Al is preferable in view of the cost. 
The capacitor properties were best when Pt was used. 
F.vample 6 

In this example, flexible thin film capacitors were produced in the 
same manner as in Example 1 except that the Pt electrode was formed by an 
15 EB evaporation technique. The EB evaporation was performed in a high 
vacuum chamber in the 10* Pa range and at a substrate temperature of RT 

(room temperature). 

In all of the flexible thin film capacitors, no peeling nor damage 
occurred when they were bent, and they had capacitor properties 
20 substantially equal to those of Example 1. 

Even if the metal electrode film was formed by DC magnetron 
sputtering, ECR magnetron sputtering, or a vacuum evaporation method 
other than the EB evaporation technique, substantially the same effect can be 
obtained. However, DC magnetron sputtering and RF magnetron sputtering 
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are most preferable in view of the automation and the continuous operations 

of the vacuum apparatus. 

F/ftflpi ple 7 

In this example, flexible thin film capacitors were produced in the 
same manner as in Example 1, except that BaTi0 3> PbTi0 3 , CaTi0 3 , 
(Ba Sr 08 )TiO 3 in the form of solid solution, (Pb 0 ,Sr 09 )TiO 3 in the form of sohd 
solution! or (Ca 0 lS r 0 ,)TiO 3 in the form of solid solution was used instead of the 
SrTi0 3 film Furthermore, for comparison, a flexible thin film capacitor was 
produced using BiTiO, in the same manner. The production conditions of the 
films were the same as those in Example 1. 

Table 3 shows the dielectric constant of each flexible thin film 

capacitor. 
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Table 3 

Dependence of Dielectricconstoi^ 
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In all of the flexible thin film capacitors, no peeling nor damage 
occurred when they were bent. In addition, all the capacitors except the 
capacitor using BiTiO x (e.g., BiTi0 3 ) had a high dielectric constant of £ r > 10. 
In particular, when (Pb 0 ,Sr 0 ,)TiO 3 was used, the dielectric constant 
60, which is higher than the dielectric constant of SrT10 3 . Using 
(Ba 02 Sr a8 )TiO 3 resulted in the best capacitor property of £ r = 65. 

Example 8 . 

In this example, flexible thin film capacitors were produced in the 

same manner as in Example 1, except that the SrTi0 3 film was formed by a 
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MOCVD method. In the MOCVD, O.lmol/L of Sr(DPM) 2 [Sr(C u H 19 0 2 ) 2 ] 
contained in a solution of THF[C 4 H 8 0] was used as the Sr source. 
TnPrn(0-iCH,)J was used as the Ti source. The Sr source and the Ti 
source were supplied onto the substrate at flow rates of 0.5cm 3 /min and 
5 0 8cm 3 /min, respectively, using N 2 as the carrier gas. 0 2 and.N 2 0 were 

introduced thereto at a flow rate of 8dm. Thus, an SrTi0 3 film was formed in 
the film-forming atmosphere at 30Torr (about 4000 Pa). The substrate 
temperature was 300°C. The thickness of the SrT10 3 film was 300nm. The 
deposition rate was about lOnm/min. All the conditions except for the 
10 conditions for forming the inorganic high dielectric film were the same as 
those in Example 1. In all of the thus obtained flexible thin film capacitors, 
no peeling nor damage occurred when they were bent. The value of e r * 30 
was obtained for the capacitor properties. 

Substantially the same effect was obtained when RF sputtering, ECR 
15 magnetron sputtering, the gel-sol process, or a CVD method other than the 
MOCVD method was used to form the inorganic high dielectric film. 
I However, RF magnetron sputtering is preferable in view of the improvement 

U of the film-formation rate, the quality of the formed film, and the automation 

U and the continuous operations of the vacuum apparatus. 

\± 20 Example 9 

In this example, the substrate temperature during formation of the 

SrTi0 3 film in the production conditions of Example 1 was examined. The 
conditions except for the substrate temperature were the same as those in 
Example 1. 

25 Fig. 9 shows the relationship between the substrate temperature and 

the dielectric constant of the flexible thin film capacitor. The dielectric 
constant of the capacitor increases with increasing substrate temperature up 
to 300°C. The improvement of the dielectric constant leads to an 
improvement of the capacitance of the capacitor, so that the capacitor can 
30 have a larger capacitance in the same area. Therefore, this is advantageous 
for providing a compact capacitor at a low price. On the other hand, when 
the substrate temperature exceeds 300°C, the substrate is distorted, resulting 
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in reduced dielectric constants. Consequently, it is preferable that the upper 
limit of the substrate temperature is 300'C, especially when an organic 
polymer substrate is used. 
%amplfi 10 

In this example, the RF power during formation of the SrTi0 3 film in 
the production conditions of Example 1 was examined. The conditions except 
for the RF power were the same as those in Example 1. 

Fig 10 shows the relationship between the RF power and the 
deposition rate of the SrTi0 3 film. The graph shows that the deposition rate 
nicreases linearly with increasing RF power. In addition, it was confirmed 
that the dielectric constant of the capacitor was not degraded even if the 

deposition rate was raised. 

The improvement of the deposition rate leads to an improvement of 
the throughput, so that the flexible thin film capacitor can be provided at a 
low cost. Therefore, it is preferable to form the inorganic high dielectnc thui 
film at a rate of lOnm/min. 

F.ypmple 11 , 

In this example, flexible thin film capacitors were produced m the 
same manner as in Example 1, except that the CrO,, which is an oxide of Cr, 
was used instead of the Ti0 2 adhesive film. CrO, was produced by the EB 
evaporation technique. The EB evaporation was performed in a high 
vacuum chamber in the 10 ' Pa range at a substrate temperature of 25°C. 
The thickness of CrO, was about !0nm. The capacitors were produced under 
the same conditions as those in Example 1 except for the adhesive film. In 
all of the thus obtained flexible thin film capacitors, no peeling nor damage 
occurred when they were bent, and they had good capacitor P-pert.es. 

Substantially the same effect was obtained when NiCr, Co, Ge, Cu, Sn, 
Mo or W was used as the metal for forming the metal oxide adhesive film 
instead of Ti or Cr. Substantially the same effect was obtained when RF 
magnetron sputtering, ECR magnetron sputtering, a CVD method or a 
vacuum evaporation method other than the EB evaporation technique was 
used to form the metal oxide adhesive film. However, sputtering is 
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preferable in view of the production cost and the ease of the formation of the 
thin film. 
F.xample 12 

In this example, instead of the CrO x adhesive film used in Example 11, 
a Cr thin film having a thickness of about lOOnm was formed by the EB 
evaporation technique and was subjected to an erosion treatment in a 
concentrated nitric acid solution so as to form a Cr oxide film. The erosion 
treatment in a concentrated nitric acid solution was performed by immersing 
the Cr thin film in a 10% nitric acid solution at room temperature for about 10 
minutes. When the composition on the surface of the film was analyzed 
according to the Auger electron spectroscopy, it was confirmed that an oxide of 
Cr was formed. In all of the thus obtained flexible thin film capacitors, no 
peeling nor damage occurred when they were bent, and they had good 

capacitor properties. 
> Substantially the same effect was obtained when an NiCr, Ti, Co, Ge, 

Al, Cu, Ag, Sn, Mo or W thin film was used instead of the Cr thin film and was 
subjected to the same oxidation treatment. 

Substantially the same effect was obtained when phosphoric acid, 
chloric acid, or perchloric acid was used for oxidation. Furthermore, 
0 substantially the same effect was obtained when DC magnetron sputtering, 
RF magnetron sputtering, ECR magnetron sputtering, a CVD method or a 
vacuum evaporation method other than the EB evaporation technique was 
used to form the metal film. However, the sol-gel process is preferable for 
formation of the oxide in view of the production cost and the ease of the 
25 formation of the oxide thin film. 
F.vample 13 

In this example, flexible thin film capacitors were produced in the 
same manner as in Example 2, except that a Cr adhesive film was used 
instead of the Ti adhesive film. The Cr film was formed by RF magnetron 
30 sputtering under the same conditions as the Ti film was formed. The 

thickness of the Cr film was about lOnm. In all of the thus obtained flexible 
thin film capacitors, no peeling nor damage occurred when they were bent, 



and they had good capacitor properties. 

Substantially the same effect was obtained when NiCr, Co, Ge, Cu, Sn, 
Mo or W was used as the metal for forming the adhesive film, instead of Ti or 
Cr. 

5 F.vflmple 14 

In this example, flexible thin film capacitors having the same 
structure as that of Fig. 4 were produced. A capacitor was formed on one 
surface of the substrate in the same manner as in Example 1. Then, another 
capacitor was formed on the other surface of the substrate in the same 
10 manner as in Example 1. The Ti0 2 adhesive films were formed on both of the 
surfaces of the polyimide substrate at the same time. 

In all of the thus obtained flexible thin film capacitors, no peeling nor 
damage occurred when they were bent. Furthermore, the capacitors on both 
of the surfaces had good capacitor properties. 
15 Example 15 

In this example, a flexible thin film capacitor having the same 

structure as that of Fig. 5 was produced. 

A peeling film composed of coating glass (Si0 2 glass) by the sol-gel 
process using the hydrolysis reaction of Si(OC 2 H 5 ) 4 was formed on an A1 2 0 3 
pj 20 base 0.5mm thick. The thickness of the coating glass film was about lOOnm. 

Furthermore, liquid polyimide was applied thereto by spin-coating. The 
thickness of the polyimide film was about 200um. This was allowed to stand 
in a drying chamber at 300°C for about one hour so that the polyimide was 
cured by heat. An adhesive film, metal electrode films and an inorganic high 
25 dielectric film were formed on this substrate in the same manner as in 

Example 1. After a capacitor was formed, a plurality of via holes having a 
diameter of 1mm were formed at intervals of 10mm from the lower surface of 
the A1 2 0 3 base. Hydrofluoric acid was poured through the via holes so as to 
etch the peeling film. Thus, the flexible thin film capacitor was removed 
30 from the A1 2 0 3 base, which served as the support substrate, and was dried in a 
drying chamber at 100°C for 30 minutes. 

Substantially the same effect was obtained when an inorganic 
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substrate such as glass, Si single crystal or a metal substrate such as a Al 
metal foil was used as the support substrate, instead of the A1 2 0 3 sheet. In 
particular, when Si single crystal is used as the substrate, an Si0 2 film can be 
formed easily by subjecting the Si surface to thermal oxidation, and the Si 
substrate can be reused after the peeling film is removed therefrom. 

Substantially the same effect was obtained when thermosetting or 
photocurable polyamide, polyimide- amide, polyester, an epoxy resin, 
polyurethane, epoxy acrylate, or polyacrylic ester was used as the matenal for 
the organic polymer substrate, instead of polyimide. However, it is 
preferable to use polyimide, because the flexible thin film capacitor using 
polyimide has excellent capacitor properties and heat resistance. 

Furthermore, substantially the same effect was obtained when 
ultraviolet ray irradiation with a mercury lamp was used instead of heat 
curing to cure the liquid organic polymer material. 

Furthermore, substantially the same effect was obtained when Si0 2 or 
Sx 3 N 4 was used as the peeling film, instead of coating glass. However, coating 
glass is preferable because of its high etching rate. 

Furthermore, substantially the same effect was obtained when a 
vacuum evaporation method, sputtering and a CVD method was used to form 
the peeling film. However, the sol-gel process is preferable in view of the 
production cost and the ease of the formation of the peeling film. 

Furthermore, substantially the same effect was obtained when 
hydrofluoric acid or sodium hydrofluorate was used for Si0 2 and coating glass, 
and concentrated phosphoric acid was used for Si 3 N 4 as a liquid solvent for 

etching the peeling film. 

Furthermore, substantially the same effect was obtained when Ct 4 , 
CF 4 + H 2 , or CHF 3 was used as a gas solvent for etching the peeling film. 
Example 16 

In this example, a flexible thin film capacitor having the same 
3 structure as that of Fig. 6 was produced. 

Holes having a diameter of 0.4mm were provided in a polyimide 
substrate and a metal oxide adhesive film was formed on the substrate. 
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Then, through hole plating was performed, and Al electrodes for 
interconnection were formed on the lower surface of the substrate by RF 
magnetron sputtering. The Al electrodes were formed in a high vacuum 
chamber in the 10" 5 Pa range in an Ar atmosphere at a RF power of 200W, a 
film-forming pressure of 0.8 Pa, and a substrate temperature of 25°C. The 
thickness of the Al film was about lOOnm. The evaporation rate was about 
lOnm/min. Then, a Pt electrode film was formed on the upper surface of the 
substrate so as to cover a through hole so that the Pt electrode was connected 
to the Al electrode for interconnection on the lower surface. Thereafter, an 
SrTi0 3 film was formed and another Pt electrode film was formed thereon. 

The flexible thin film capacitor on the upper surface was formed in the 
same manner as in Example 1. An electrically conductive paste of Ag was 
filled and solidified for connection between the metal electrodes on the upper 
surface and the lower substrate to ensure stable connection. 

When a flexible thin film capacitor was formed on the lower surface of 
the organic polymer substrate, the flexible thin film capacitor was not broken 
when it was bent, and no peeling was observed between the deposited films. 

When the characteristics of the flexible thin film capacitor using the 
lower electrodes as the interconnection electrodes were evaluated, the 
characteristics were substantially the same as those of the flexible thin film 

capacitor of Example 1. 

Furthermore, substantially the same effect was obtained in a flexible 
thin film capacitor as shown in Fig. 7 in which the metal electrodes on the 
upper surface of the substrate are connected to the metal electrodes on the 
lower surface through the end faces of the substrate, instead of the through 
holes provided in the substrate. 
Example 17 

In this example, a flexible thin film capacitor having the same 
structure as that of Fig. 8 was produced. 
) A Si 3 N 4 film was formed as a protective film by RF magnetron 

sputtering. The Si 3 N 4 film was formed in a high vacuum chamber in the 10 4 
Pa range in a mixed atmosphere of Ar / N 2 = 2 / 1, at a RF power of 200W, a 
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film-forming pressure of 8mTorr, and a substrate temperature of RT. The 
thickness of the Si 3 N 4 film was about lOOnm. The deposition rate for the film 
was about lOnm/min. 

The flexible thin film capacitors provided with and without the 
5 protective film were prepared. In either types of the flexible thin film 
capacitors, no peeling nor damage occurred when they were bent several 
times, and they had equal capacitor properties. However, when these flexible 
thin film capacitors were bent 50 times, no peeling occurred in the flexible 
thin film capacitor provided with the protective film, whereas peeling occurred 
10 partially in the flexible thin film capacitor without the protective film. Thus, 
it was confirmed that the protective film treatment further improves 
durability against mechanical external force. 

Furthermore, substantially the same effect was obtained when Si0 2 , 
Ta 2 0 5 , A1 2 0 3 , a thermosetting resin, or an ultraviolet-curable resin was used 
15 as the protective film, instead of Si 3 N 4 . 

The invention may be embodied in other forms without departing from 
the spirit or essential characteristics thereof. The embodiments disclosed in 
this application are to be considered in all respects as illustrative and not 
limiting. The scope of the invention is indicated by the appended claims 
20 rather than by the foregoing description, and all changes which come within 
the meaning and range of equivalency of the claims are intended to be 
embraced therein. 
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